Adult male rats weighing from 150 to 200g were used in this experiment. Neurotomy of the trigeminal third division was performed below the foramen ovale in the left side of these animals.
Rats receiving neurotomy were capable of long survival, if given attentive nursing care.
After various periods ranging from 17hrs to 95 days, the rats were subjected to perfusion fixation by about 200cc of chilled 4% glutaraldehyde (0.1M cacodylate buffer, pH 7.3) for 15min. The excised brains * This study was supported by grants (No. 90460, No. 90425 ) from the Japan Ministry of Education.
361 the thin brain pieces were post-fixed for 1hr with chilled 1%/ osmium tetroxide (veronal buffer, pH 7.3). After complete dehydration in alcohol and immersion in propylene oxide, the brain pieces were embedded in Epon 812. Semi-thin sections for light microscopic observation were stained with 1% toluidine blue solution, and the ultrathin sections with uranyl acetate and lead hydroxide. Observation was done under TRS-7 and H-11C electron microscopes.
Results
In the semi-thin sections stained with 1% toluidine blue, conspicuous changes were definitely noticed 1 or 2 days after neurotomy, which corresponded to the results of the previous experiment (IMAMOTO, 1972) . Under the electron microscope, however, 17hrs of post-operative survival were found to be sufficient for degenerative appearances, although some neurons displayed little change.
First of all, the change of the Nissl substances drew much attention. As shown in Figure 1 , the Nissl substances and neurofilaments showed a marked increase 18hrs after neurotomy. Nissl substances near the nuclear and cellular membranes (Fig. 2, 3 ). Then the large light neurons and small dark neurons seen in normal rats were no more identifiable . In general, the cytoplasmic matrix became considerably dense. Synthesized Nissl substances and neurofilaments seemed to change their localization gradually, the former migrating to the peripheral area and the latter to the central area of the affected neurons.
The eccentric nucleus showed a deep indentation on one side facing the inner cytoplasm.
Seven and ten days after neurotomy the Nissl substances mainly composed of rosette-like polysomes and granular endoplasmic reticulum with extending cisternal channels began to shift to the peripheral area of the neurons. At this time, free ribosomes rather than polysomes increased in number (Fig. 4) . Chromatolytic area, non-basophilic in Nissl staining, corresponded to the presumptive area of neurofilamentous protein synthesis ( Fig. 2, 3 ). Quantitative change of mitochondria and the Golgi apparatus was obscure but mitochondria often were located in the small islands between the neurofilamentous bundles and the Nissl substances ( Fig. 2 ).
Dense bodies like lysosomes fairly increased throughout the cytoplasm. During these periods, histochemical changes were characterized by markedly increased activities of glucose-6-phosphate dehydrogenase and acid phosphatase, though succinic dehydrogenase activity was reduced (IMAMOTO, 1972) . are composed of a moderate number of granular ER with extending cisternae and small free ribosomes rather than polysomes.
Axo-somatic synapse is preserved as in normal cases.
25,000 The Nissl substance is lost and abnormal mitochondria without cristae and dense bodies are observed.
The nucleus of degenerating neuron (Fig. 5-8 ). These necrotic neurons heavily accumulated numerous abnormal mitochondria without cristae, lamellated dense bodies and vacuoles within the dense filamentous matrix of cytoplasm. The nucleus of the neuron became homogenously dense and lost its fine structure especially of the nuclear envelope (Fig. 8) . The Nissl substance was not recognized in the cytoplasm except for small free ribosomes.
As shown in Figure 8 , dense necrotic neurons, which were enclosed by phagocytotic cell processes of wandering microglia, were rarely seen. The degenerating axon hillock, contained large and small lamellated dense bodies (Fig. 7) , which were similar to the membranous cytoplasmic bodies reported by TERRY and WEISS (1963) .
The light processes of astrocytes surrounding neurons and capillaries began to processes (Fig. 9 ). Even after 95 days, glycogen particles on the affected side were preserved in somewhat larger amounts than on the control side. The vascular pericytal area also showed an evident change 17hrs after neurotomy.
The endothelium of capillaries became undulating and some microvilli often appeared from the endothelial surface, though they were scarce in the control and the normal condition in the central nervous system. Pericytes enclosed by mesenchymal basement membrane became to swell and contain numerous small and large dense bodies and phagocytotic vesicles (Fig. 10) . The basement membrane seemed to be loosened and pericytes probably invade the brain parenchyma as wandering microglia (Fig. 11, 12 (PANNESE, 1963 (PANNESE, , 1968 TORVIK and HEDING, 1967, 1969; PRINEAS, 1969; LEVAY et al., 1971) . BARRON et al. (1967) and LENTZ (1967) stressed the important role played by free ribosomes in protein synthesis. PANNESE (1963 PANNESE ( , 1968 considered that the free ribosomes and polysomes are necessary for the synthesis of proteins in the developing neurons, whereas the granular ER is necessary for the synthesis of highly specialized proteins in the nerve cells. It was reported in the liver cell that the granular endoplasmic reticulum lost its characteristic appearance of aggregation and its ribosomes became randomly scattered in the cytoplasm, when protein synthesis is suppressed by carbon tetrachloride poisoning (SMUCKLER et al., 1962) and ethionine administration (BAGLIO and FARBER, 1965) . The present author considers the affected neurons containing many polysomes probably recover soon or later and that some neurons including small free ribosomes and extending cisternae of ER undergo necrotic degeneration. Increased activities of G6PDH and ACP may be concern with the turnover cytoplasmic RNA or ribonuclear protein, whose synthesis and degradation may probably be activated by these enzymes (LAVELLE et al., 1954) . Activity of ACP seemed to be preserved till the last, however, G6PDH would not be in the necrotic neurons, because they did not contain the Nissl substances but numerous lamellated dense bodies. GONATAS (1965) and WALLACE et al. (1966) (TERRY et al., 1964; TERRY, 1971) or experimental cases after neurotomy (PANNESE, 1963; WISNIEWSKI et al., 1968; BARRON et al., 1969; WISNIEWSKI et al., 1970; ZELENA, 1971) or during drug administration (PRINEAS, 1969) and the in vitro system of tissue culture (SELL et al., 1969 (HUNTINGTON and TERRY, 1966; LAMPERT,1967) . MORI and LEBLOND (1969) and MORI (1970) reported that pericytal microglia around vascular walls undergo mitosis and migrate into the brain matrix as phagocytotic cells in the cases of the brain injury, after 5 days. Even in this study without direct brain trauma, pericytes around the vascular walls seemed to be activated as phagocytes in the early period. Their cytoplasmic matrix became dense and contained many phagocytotic dense bodies in various size, while the peripheral portion of the cytoplasm swelled like astrocytic end feet. In the histochemical study P6PDH activity and PAS positive substances considerably increased in the vascular wall or glial cells. It is likely that mesenchymal basement membrane enclosing pericytes became loosened when pericytes turned into wandering microglia. Pericytal microglia near the trigeminal mesencephalic neurons must secondarily be activated by metabolic abnormality in the affected neurons, but the mechanism is unknown. Such a vascular reaction can surely cause a change of blood flow and permeability. RAISMAN (1969) and MCMAHAN (1967) reported that there may be other properties of astrocytes which consist particularly in an early phagocytotic role in the degenerating boutons. KUMAMOTO (1970) 
